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TEACHING POSITION CORRECTION dimensional position of the tip end of the robot based on the 
DEVICE AND TEACHING POSITION visual information acquired , by the vision sensor attached to 

CORRECTION METHOD the tip end of the arm of the robot , when the vision sensor 
is arranged , by being translated by operation of the robot , at 

CROSS - REFERENCE TO RELATED a predetermined position with respect to each of the three or 
APPLICATIONS more reference points that are provided on one of the work 

target object and the holding device and that are not arranged 
This application claims the benefit of Japanese Patent on one straight line , a third step of calculating a relative 

Application No. 2017-111562 , the content of which is position , with respect to one of the reference points , of each 
incorporated herein by reference . of other reference points before and after the relocation , and 

a fourth step of correcting a teaching point position in an 
FIELD operation program of the robot in such a way that a change 

in relative positions of the robot and the holding device is The present invention relates to a teaching position cor compensated for , based on relative positions of the reference rection device , and a teaching position correction method . points before and after the relocation calculated in the third 
BACKGROUND step . 

10 

15 

30 

BRIEF DESCRIPTION OF DRAWINGS Conventionally , there is known a teaching position cor 
rection device in a robot system which is configured to work 20 
on a work target object by using a robot , the teaching FIG . 1 is an overall configuration diagram showing a 
position correction device being for correcting a teaching teaching position correction device according to an embodi 
position in a case where at least one of the robot and a ment of the present invention . 
holding device holding a work target object is relocated , so FIG . 2 is a diagram showing an example of a reference 
that an operation program which was taught before reloca- 25 mark provided at the teaching position correction device in 
tion can be used also after the relocation ( for example , see FIG . 1 . 
Japanese Unexamined Patent Application , Publication No. FIG . 3 is a flowchart showing a step before relocation in 
2005-149299 ) . a teaching position correction method performed by using 

the teaching position correction device in FIG . 1 . 
SUMMARY FIG . 4 is a flowchart showing steps after relocation in the 

teaching position correction method performed by using the An aspect of the present invention provides a teaching teaching position correction device in FIG . 1 . position correction device including a vision sensor , FIG . 5 is a flowchart describing a measurement routine for attached to a tip end of an arm of a robot , that acquires visual a three - dimensional position and an orientation in FIGS . 3 information , a position measurement unit that measures a 35 and 4 . three - dimensional position of the tip end of the robot based 
on the visual information acquired by the vision sensor when DETAILED DESCRIPTION the vision sensor is arranged at a predetermined position 
with respect to each of three or more reference points that 
are provided on one of a work target object to be worked by 40 Hereinafter , a teaching position correction device 1 
the robot and a holding device that holds the work target according to an embodiment of the present invention will be 
object and that are not arranged on one straight line , and a described with reference to the drawings . 
relative position calculation unit that calculates a relative As shown in FIG . 1 , the teaching position correction 
position , with respect to one of the reference points , of each device 1 according to the present embodiment is applied to 
of other reference points , based on the three - dimensional 45 a robot system 100 including a robot 110 having a work tool , 
position that is measured by the position measurement unit such as a welding gun 112 , attached to a tip end of a robot 
while the vision sensor is translated by operation of the arm ( arm ) 111 , and a holding device 120 that detachably 
robot , where a teaching point position in an operation holds a work target object O , which is to be worked by the 
program of the robot is corrected in such a way that a change robot 110 , such as a sheet metal panel which is to be welded 
in relative positions of the robot and the holding device is 50 by the welding gun 112 . 
compensated for , based on relative positions of the reference In the example shown in FIG . 1 , the robot 110 is a 6 - axis 
points calculated by the relative position calculation unit articulated type robot , and is connected to a control device 
before and after relocation of at least one of the robot and the 130 and is operated according to an operation program 
holding device . stored in the control device 130. A teach pendant 140 to be 
Moreover , another aspect of the present invention pro- 55 operated by a user is connected to the control device 130 , 

vides a teaching position correction method including a first and the robot 110 can be manually operated ( jog operation ) 
step , before relocation of at least one of a robot and a holding when a user operates the teach pendant 140 at the time of 
device that holds a work target object that is to be worked teaching of the operation program , for example . 
by the robot , of measuring a three - dimensional position of a The holding device 120 is a jig including a clamp mecha 
tip end of the robot based on visual information acquired , by 60 nism that detachably fixes the work target object O. The 
a vision sensor attached to a tip end of an arm of the robot , work target object O is to be held while being accurately 
when the vision sensor is arranged , by being translated by positioned on the holding device 120 , and the same is true 
operation of the robot , at a predetermined position with for after relocation , as will be described later . 
respect to each of three or more reference points that are A reference mark ( reference point ) A , which can be read 
provided on one of the work target object and the holding 65 by a vision sensor 2 described later , is provided at three 
device and that are not arranged on one straight line , a positions which are on an upper surface of the holding 
second step , after the relocation , of measuring the three device 120 , for example , and which are not arranged on one 
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straight line . Any mark may be used as the reference mark position and the target size are repeated . The position and the 
A , but for example , a circle with a cross at the center is used , size of the reference mark A in the two - dimensional image 
as shown in FIG . 2 . may thereby be made to converge to the target values . 

The teaching position correction device 1 according to the Moreover , when the robot 110 is operated , by a jog 
present embodiment includes a vision sensor 2 , such as a operation of the robot 110 by the user , to translate while 
CCD camera , which is fixed to the tip end , such as the maintaining the orientation of the vision sensor 2 , the welding gun 112 , of the robot arm 111 , and which acquires relative position calculation unit calculates , for other refer 
a two - dimensional image ( visual information ) . The vision ence marks A , the relative positions of the reference marks sensor 2 is detachably attached to the welding gun 112 by a A with respect to one reference mark A , based on the suitable attachment means such as a permanent magnet . In 10 positions of the other reference marks A stored in the same the drawing , a reference sign 3 is a monitor that displays the 
two - dimensional image acquired by the vision sensor 2 . manner by the position measurement unit . 

Furthermore , the teaching position correction device 1 The teaching position correction device 1 according to the 
according to the present embodiment includes a position present embodiment calculates a transform matrix for rota 

tional measurement unit ( not shown ) that measures a three - dimen- 15 component based on the relative position of each 
sional position of the tip end of the robot 110 based on the reference mark A calculated by the relative position calcu 
two - dimensional image acquired by the vision sensor 2 lation unit based on the position stored by the position 
when the vision sensor 2 is arranged at a predetermined measurement unit before and after relocation , calculates a 
position with respect to each reference mark A , and a transform matrix for translational component based on the 
relative position calculation unit ( not shown ) that calculates 20 orientation stored by the position measurement unit for one 
the relative positions of other reference marks A with respect of the reference marks A , and corrects a teaching point 
to one reference mark A , based on the three - dimensional position in the operation program by using the calculated 
position of each reference mark A acquired by the position transform matrices . 
measurement unit during translation of the robot 110 . Next , a teaching position correction method according to 

Target values of the position and the size of the reference 25 the present embodiment will be described in detail . 
mark A to be arranged on a two - dimensional image are set The teaching position correction method according to the 
in the position measurement unit . For example , a position at present embodiment includes steps that are performed 
which an intersection point of the cross of the reference before relocation and steps that are performed after reloca 
mark A comes at a center of the two - dimensional image is tion . 
set for the target position , and an outer diameter dimension 30 As shown in FIG . 3 , in a state before relocation of the 
of the circle of the reference mark A is set for the target size . robot 110 when the operation program is taught , the three 

That is , the position measurement unit operates at a dimensional position and the orientation are measured for 
measurement start orientation , reached by a jog operation of three reference marks A ( first step S1 ) . 
the robot 110 by a user , including any of the reference marks As shown in FIG . 5 , in the three - dimensional position 
A on the holding device 120 in a field of view of the vision 35 measurement , operation of the vision sensor 2 is started ( step 
sensor 2. The position measurement unit causes the robot S11 ) , the robot 110 is jogged ( step S12 ) by a jog operation 
110 to perform a so - called visual touch - up operation of of the teach pendant 140 performed while checking the 
translating the vision sensor 2 until the reference mark A in two - dimensional image displayed on the monitor 3 , and one 
the two - dimensional image is at the target position and with of the reference marks A is arranged in the field of view of 
the target size , and stores a position ( coordinate value ) and 40 the vision sensor 2 ( step S13 ) . 
an orientation ( angle value ) of a mechanical interface ( end The visual touch - up operation is performed in this state . 
effector ) of the robot 110 in an origin coordinate system of In the visual touch - up operation , first , the robot 110 is 
the robot 110 , based on a value of an encoder ( not shown ) translated subtly in each of directions along X , Y , Z axes in 
on each axis of the robot 110 at the end of the visual the origin coordinate system while maintaining constant the 
touch - up operation . Additionally , it is sufficient if the ori- 45 orientation of the vision sensor 2 at the measurement start 
entation is stored for just one reference mark A. orientation at which the reference mark A is in the field of 

In the visual touch - up operation , the robot 110 is trans view ( step S14 ) . What change is caused in the position and 
lated subtly in each of directions along X , Y , Z axes in the the size of the reference mark A in the two - dimensional 
origin coordinate system while maintaining constant the image by movement of the robot 110 in which direction is 
orientation of the vision sensor 2 at the measurement start 50 thereby checked . Next , the robot 110 is translated according 
orientation at which the reference mark A is in the field of to a check result such that the position and the size of the 
view . This allows grasping of what change is caused in the reference mark A come close to target values due to the 
position and the size of the reference mark A in the two translation ( step S15 ) . 
dimensional image by movement of the robot 110 in which Whether the position and the size of the reference mark A 
direction . 55 in the two - dimensional image are converged to the target 

That is , movement of a center position of the reference values or not is thus determined , and when the position and 
mark A in the two - dimensional image indicates movement the size are converged to the target values , the visual 
of the vision sensor 2 relative to the reference mark A in a touch - up operation is ended ( step S16 ) . Steps from step S15 
direction orthogonal to an optical axis of the vision sensor 2 , are repeated until the position and the size of the reference 
and a change in the size of the reference mark A in the 60 mark A in the two - dimensional image are converged to the 
two - dimensional image indicates movement of the vision target values . The position measurement unit stores the 
sensor 2 relative to the reference mark A in a direction along position ( coordinate value ) and an orientation ( angle value ) 
the optical axis . of the mechanical interface of the robot 110 in the origin 

Then , acquisition of the two - dimensional image , acquisi coordinate system of the robot 110 , based on a value of the 
tion of the position and the size of the reference mark A in 65 encoder on each axis of the robot 110 at the end of the visual 
the image , and translation of the robot 110 for causing the touch - up operation ( step S17 ) . Then , this operation is per 
acquired position and size to come close to the target formed until the three reference marks A have been sub 
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jected to the operation ( step S18 ) , and acquisition of the 
visual information is then ended ( step s19 ) . ai 11 { Math . 1 } 

W Three coordinate values ( three - dimensional positions ) 0 0 
PA1- ( X41 , Y 41 , Zai ) , P 42 = ( X 42 , Y 42 , Z22 ) , P43 = ( X43 , Y A3 , 
ZA3 ) are acquired and stored by the three - dimensional posi- 5 
tion measurement . Each component value of the transform matrix W , is as 
Moreover , for example , in the visual touch - up operation follows . 

for the first reference mark A in the first step Si , a positional The following is true : 11 = PA1 + Pc . That is , a coordinate 
orientation ( orientation ) W4 of the mechanical interface of value measured for a first reference mark A is given as a 
the robot 110 is also acquired and stored at the same time as 10 position 1 , of the work target object O. 
acquisition of the coordinate value Pal : A direction from the first reference mark A to a second 
As shown in FIG . 4 , in the case where at least one of the reference mark A is given as an X - axis direction of an 

robot 110 and the holding device 120 is relocated in this orientation of the work target object O , and a direction 
state , the three - dimensional position measurement and mea vector u , in the X - axis direction is calculated by the fol 
surement of the orientation are performed again after relo- 15 lowing equation . 
cation , by the position measurement unit , for the three U1 = ( PA2 + Pc ) - ( PA1 + PC ) = PA2 - PA1 reference marks A in the same manner as in the first step Si , 
and three coordinate values PB1 = ( XB1 , YB1 , Zbi ) , PB2 = ( XB2 , Moreover , a unit vector n , of the direction vector u , in the 
Y B2 , ZB2 ) , PB3 = ( XB3 , YB3 , ZB3 ) , and a positional orientation X - axis direction is calculated by the following equation . 
WB are acquired and stored ( second step S2 ) . The second 20 = u / \ u1 ! step S2 is performed according to the flowchart shown in 
FIG . 5 , in the same manner as the first step Si . A direction vector q? from the coordinate value measured 

Then , calculation of the relative positions by the relative for the first reference mark A to a third reference mark A is 
position calculation unit is performed based on the coordi calculated by the following equation . 
nate values acquired before and after relocation ( third step 25 91 = ( PA3 + Pc ) - ( PA1 + Pc ) = P 43 - PA1 S3 ) , and a transform matrix M , for rotational component is 
calculated based on the calculated relative position ( step If r1 = n , xq? ( outer product of n , and q? ) is true , r? is a 
S4 ) . direction vector in a Z - axis direction orthogonal to both ni 
Moreover , a transform matrix M , for translational com and q? , and its unit vector a , is calculated by the following 

ponent is calculated based on the calculated transform 30 equation . 
matrix My , and the positional orientations W? , WB acquired a1 = ri / ri ! before and after relocation ( step S5 ) . Then , a transform 
matrix M = M_M_ is calculated based on these transform Lastly , a Y - axis direction of the orientation of the work 
matrices ( step S6 ) , and each teaching point position in the target object O is determined by 0 , -a , xn , ( outer product of 
operation program before relocation is corrected by using 35 a , and n , ) . 
the calculated transform matrix M ( fourth step S7 ) . In the same manner , a transform matrix W2 representing 
Now , calculation of the transform matrix M , for rotational the position and the orientation of the work target object O 

component will be specifically described . after relocation is given by Math . 2 . 
The three coordinate values acquired for the reference 

marks A before relocation include a vector value Pc = ( XC 40 
Yc , 2 ) dependent on an attachment position and an attach n2 02 a 12 { Math . 2 } 

W2 ment orientation of the vision sensor 2 to the robot 110 
before relocation and the target values of the position and the 
size in the two - dimensional image at the time of visual 
touch - up operation , and are expressed as PA1 + PC , PA2 + Pc 45 As in the case of the transform matrix W 1 , each compo 
PA3 + P c . The vector value Pc here is unknown . nent value of the transform matrix W2 is as follows . 

In the same manner , the three coordinate values acquired 12 = PB1 + PD 
for the reference marks A after relocation also include a 
vector value Po = ( X , YD , ZD ) dependent on an attachment uz = ( PB2 + PD ) - ( PBi - PD ) = PB2 - PBI position and an attachment orientation of the vision sensor 50 
2 to the robot 110 after relocation and the target values of the n2 = u7 / \ u2 position and the size in the two - dimensional image at the 
time of visual touch - up operation , and are expressed as 92 = ( PB3 + PD ) - ( PB1 + PD ) = PB3 - PB1 PB1 + Pp , PB2 + PD , PB3 + Pp . The vector value P , here is 
unknown . 

r2 = n2x92 Accordingly , a transform matrix M which satisfies the 
following is to be determined : az = r2 / \ r21 

( " S 0 0 

55 

PB1 + PD = M ( PA1 + Pc ) , 
02 = 42xn2 60 

PB2 + PD = M ( PA2 + PC ) , Here , the transform matrix M is obtained by the follow 
ing : 

PB3 + PD = M ( PA3 + Pc ) . M = inv ( W ) : W1 
A transform matrix W representing the position and the 65 where inv ( W2 ) is an inverse matrix of W2 . 

orientation of the work target object O before relocation is In the calculation above , only 11 , 12 are dependent on PC , 
given by Math . 1 . Pp , and thus , transform matrices V1 , V2 from which 11 , 12 are 
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removed are defined by Math . 3 , Math . 4 , and the transform it can be assumed that the following is true : 
matrix M , for rotational component can be determined by inv ( M2M ) MWAT = WAT 
the following : The rotational components of the transform matrix M and 

the transform matrix M2M , coincide with each other , and 
thus , the rotational component of inv ( M2M ) M is a unit M1 = inv ( V2 ) .Vi . matrix as represented by Math . 6 . 

5 

ni 01 ai 0 { Math . 3 } 
Vi 

0 0 0 1 1 0 0 51 { Math . 6 ) 
10 

0 n2 02 02 { Math . 4 } 0 1 0 S2 
inv ( M2M ) M = V2 = 

0 0 0 1 0 0 1 S3 

0 0 0 

15 Moreover , Math . 8 is obtained by defining W?T by Math . 
7 . 

ki { Math . 7 } 
20 WAT = | k2 

kz 

Next , calculation of the transform matrix M , for transla 
tional component will be described . 

The positional orientation W? acquired for one reference 
mark A before relocation is a positional orientation after 
translation of the positional orientation P , at a time when the 
visual touch - up operation was started ( i.e. the orientation 
component is the same ) , and thus , MWA is the same as a 
positional orientation after translation of M_P1 . 

Likewise , the positional orientation WB acquired for the 
same reference mark A after relocation is a positional 
orientation after translation of the positional orientation 
P2 = M_P , at a time when the visual touch - up operation was 
started ( i.e. the orientation component is the same ) , and thus , 
the orientation component is the same between M WA and 
WB , and if M2 = Wg inv ( M WA ) is given , the transform 
matrix M , for translation is as given as Math . 5 . 

ki { Math . 8 } ki + S1 
k2 + S2 
kz + S3 

+ k2 
kz 25 

1 

As a result , s , = sz = sz = 0 in Math . 6 is determined and 
Math . 9 is established , and thus , M = M2 : M is established . 

30 

1 0 0 0 { Math . 9 } 

1 0 0 11 0 1 0 0 { Math . 5 inv ( M2M ) M 0 0 1 0 
0 0 12 

M2 = 0 0 0 1 0 0 1 13 35 

0 0 0 1 

1 

As described above , the teaching position correction 
device 1 according to the present embodiment achieves an Because M1 , WA , WB are known , the transform matrix M2 advantage effect that , based on the fact that relative positions can be calculated . 40 of three or more reference marks A provided on the holding 

With the transform matrix M2 , only translation is per device 120 do not change , the teaching point position in the 
formed and rotation is not performed , and thus , the rota operation program taught before relocation can be easily 
tional components of the transform matrix M , and the corrected without performing calibration of the vision sensor 
transform matrix M2M , coincide with each other . 2 with respect to the robot 110. Accordingly , the work target 
Moreover , the rotational components of the transform 45 object O can be worked after relocation in the same manner 

matrix M and the transform matrix M , coincide with each as before relocation . 
other , and thus , the rotational components of the transform Particularly , because calibration of the vision sensor 2 
matrix M and the transform matrix M2 : My coincide with with respect to the robot 110 is not necessary , an operation 
each other . of greatly moving the hand tip of the robot 110 , which is 

The positional orientation W? acquired before relocation 50 required for calibration , does not have to be performed , and 
is acquired by the visual touch - up operation , and thus , based interference between a work tool and a mechanism portion 
on the definition of the transform matrix M , a positional of the robot 110 or a peripheral equipment may be pre 
orientation MWA is a positional orientation at which the vented . 
visual touch - up operation is performed on the corresponding Additionally , in the present embodiment , the reference 
reference mark A after relocation . Moreover , the positional 55 marks A are provided on the holding device 120 , but the 
orientation WB ( = M2M , W2 ) acquired after relocation is also reference marks A may alternatively be provided on the 
the positional orientation at which the visual touch - up work target object O , which is to be held by the holding 
operation is performed on the corresponding reference mark device 120. Moreover , a circle with a cross at the center is 
A , and when coordinates of the center of the reference mark illustrated as the reference mark A , but any mark allowing 
A on a mechanical interface coordinate system are given as 60 specification of the size and a specific position ( such as a 
T = ( X , Y , Z. ) , both MW T and M M W T are supposed to point having a characteristic shape ) may alternatively be 
represent a coordinate value of a center position of the used . 
reference mark A after relocation and should coincide with Furthermore , instead of providing the reference marks A , 
each other . a part , of the holding device 120 or the work target object O , 

That is , based on 65 having a characteristic shape may be used as a reference 
point . Such a reference point is a corner portion or a 

MWAT = MQMWAT , protruding portion , for example . 
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Furthermore , the number of positions where the reference relative positions of the reference points before and after 
marks A are provided may be more than three , without being relocation , in such a way that a change in relative positions 
limited to three . of the robot and the holding device is compensated for . 
Moreover , in the present embodiment , orientations set in That is , based on the fact that relative positions of three 

the case of performing the visual touch - up operation on one or more reference points provided on the work target object 
reference mark A are illustrated as the orientations WA , WB or the holding device do not change , the teaching point 
for determining the transform matrix M2 for translational position in the operation program taught before relocation 
component , but one point different from the reference mark can be easily corrected without performing calibration of the 
A may alternatively be used . vision sensor with respect to the robot . 
Furthermore , in the present embodiment , a 6 - axis articu- 10 In the aspect described above , a transform matrix for 

lated type robot is illustrated as the robot 110 , but applica rotational component for the teaching point position before 
tion to any robot is possible , without being limited to the and after the relocation may be calculated based on the 
6 - axis articulated type robot . relative positions of the reference points calculated by the 

From the above - described embodiment , the following relative position calculation unit before and after the relo 
invention is derived . 15 cation , and the teaching point position may be corrected by 
An aspect of the present invention provides a teaching using the transform matrix . 

position correction device including a vision sensor , Accordingly , even if the position of the vision sensor is 
attached to a tip end of an arm of a robot , that acquires visual changed , due to removal or attachment of the vision sensor 
information , a position measurement unit that measures a to the robot , during measurement by the vision sensor before 
three - dimensional position of the tip end of the robot based 20 and after relocation , a transform matrix which accurately 
on the visual information acquired by the vision sensor when determines the rotational component for the teaching point 
the vision sensor is arranged at a predetermined position position before and after relocation may be calculated , and 
with respect to each of three or more reference points that the teaching point position may be accurately corrected . 
are provided on one of a work target object to be worked by Furthermore , in the aspect described above , the three 
the robot and a holding device that holds the work target 25 dimensional position and an orientation of the tip end of the 
object and that are not arranged on one straight line , and a robot when the vision sensor is arranged at a predetermined 
relative position calculation unit that calculates a relative position with respect to one of the reference points may be 
position , with respect to one of the reference points , of each measured by the position measurement unit before and after 
of other reference points , based on the three - dimensional the relocation , a transform matrix for translational compo 
position that is measured by the position measurement unit 30 nent for the teaching point position before and after the 
while the vision sensor is translated by operation of the relocation may be calculated based on a measured orienta 
robot , where a teaching point position in an operation tion component of the tip end of the robot before and after 
program of the robot is corrected in such a way that a change the relocation and the transform matrix for rotational com 
in relative positions of the robot and the holding device is ponent , and the teaching point position may be corrected by 
compensated for , based on relative positions of the reference 35 using the transform matrix for translational component . 
points calculated by the relative position calculation unit Accordingly , even if the position and the orientation of the 
before and after relocation of at least one of the robot and the vision sensor are changed , due to removal or attachment of 
holding device . the vision sensor to the robot , during measurement by the 

According to the present aspect , the robot is installed with vision sensor before and after relocation , a transform matrix 
respect to a work target object held by the holding device , 40 which accurately determines the translational component for 
and a teaching point in the operation program of the robot is the teaching point position before and after relocation may 
taught , and then , the vision sensor is attached to the tip end be calculated , and the teaching point position may be 
of the arm of the robot , and the three - dimensional position accurately corrected . 
of the tip end of the robot is measured by the position Furthermore , in the aspect described above , the reference 
measurement unit , while the vision sensor is translated by 45 points may be points having a shape characteristic to the 
operation of the robot , based on the visual information holding device or the work target object . 
acquired by the vision sensor when the vision sensor is Moreover , in the aspect described above , the reference 
arranged at a predetermined position with respect to each of points may be reference marks provided on the holding 
the three or more reference points that are provided on one device or the work target object . 
of the work target object and the holding device and that are 50 Moreover , another aspect of the present invention pro 
not arranged on one straight line , and the relative positions , vides a teaching position correction method including a first 
with respect to one of the reference points , of other reference step , before relocation of at least one of a robot and a holding 
points are calculated by the relative position calculation unit . device that holds a work target object that is to be worked 

Then , in the same manner as before relocation , after at by the robot , of measuring a three - dimensional position of a 
least one of the robot and the holding device is relocated , the 55 tip end of the robot based on visual information acquired , by 
vision sensor is attached to the tip end of the arm of the a vision sensor attached to a tip end of an arm of the robot , 
robot , and the three - dimensional position of the tip end of when the vision sensor is arranged , by being translated by 
the robot is measured by the position measurement unit , operation of the robot , at a predetermined position with 
while the vision sensor is translated by operation of the respect to each of three or more reference points that are 
robot , based on the visual information acquired by the vision 60 provided on one of the work target object and the holding 
sensor when the vision sensor is arranged at a predetermined device and that are not arranged on one straight line , a 
position with respect to each of the reference points , and the second step , after the relocation , of measuring the three 
relative positions , with respect to one of the reference points , dimensional position of the tip end of the robot based on the 
of other reference points are calculated by the relative visual information acquired , by the vision sensor attached to 
position calculation unit . 65 the tip end of the arm of the robot , when the vision sensor 

In this manner , the teaching point position in the operation is arranged , by being translated by operation of the robot , at 
program of the robot is corrected based on the calculated a predetermined position with respect to each of the three or 
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more reference points that are provided on one of the work correct a teaching point position in an operation program 
target object and the holding device and that are not arranged of the robot in such a way that a change in relative 
on one straight line , a third step of calculating a relative positions of the robot and the holding device is com 
position , with respect to one of the reference points , of each pensated for , based on calculated relative positions of 
of other reference points before and after the relocation , and 5 the reference points before and after relocation of at 
a fourth step of correcting a teaching point position in an least one of the robot and the holding device . 
operation program of the robot in such a way that a change 2. The teaching position correction device according to 
in relative positions of the robot and the holding device is claim 1 , wherein the teaching position correction device is 
compensated for , based on relative positions of the reference configured to : 
points before and after the relocation calculated in the third 10 calculate a transform matrix for rotational component for 
step . the teaching point position before and after the reloca 

In the aspect described above , in the fourth step , a tion based on the calculated relative positions of the 
transform matrix for rotational component for the teaching reference points before and after the relocation ; and 
point position before and after the relocation may be calcu correct the teaching point position by using the transform 
lated based on the relative positions of the reference points 15 matrix . 
calculated before and after the relocation , and the teaching 3. The teaching position correction device according to 
point position may be corrected by using the transform claim 2 , wherein the teaching position correction device is 
matrix . configured to : 

Furthermore , in aspect described above , in the first step measure the three - dimensional position and an orientation 
and the second step , the three - dimensional position and an 20 of the tip end of the robot when the vision sensor is 
orientation of the tip end of the robot when the vision sensor arranged at a predetermined position with respect to 
is arranged at a predetermined position with respect to one one of the reference points before and after the relo 
of the reference points may be measured , and in the fourth cation ; 
step , a transform matrix for translational component for the calculate a transform matrix for translational component 
teaching point position before and after the relocation may 25 for the teaching point position before and after the 
calculated based on a measured orientation component of relocation based on a measured orientation component 
the tip end of the robot before and after the relocation and of the tip end of the robot before and after the relocation 
the transform matrix for rotational component , and the and the transform matrix for rotational component ; and 
teaching point position may be corrected by using the correct the teaching point position by using the transform 
transform matrix for translational component . matrix for translational component . 

4. The teaching position correction device according to 
REFERENCE SIGNS LIST claim 1 , wherein the reference points are points having a 

shape characteristic to the holding device or the work target 
1 teaching position correction device object . 
2 vision sensor 5. The teaching position correction device according to 
110 robot claim 1 , wherein the reference points are reference marks 
111 robot arm ( arm ) provided on the holding device or the work target object . 
120 holding device 6. À teaching position correction method comprising : 
A reference mark ( reference point ) a first step , before relocation of at least one of a robot and O work target object a holding device that holds a work target object that is 
M , M1 , M2 , Mz transform matrix to be worked by the robot , of measuring a three 

P PB1 , PB2 , PB3 coordinate value ( three - dimen dimensional position of a tip end of the robot based on 
sional position ) visual information acquired , by a vision sensor attached 

W , W. positional orientation orientation ) to a tip end of an arm of the robot , when the vision 
S1 first step sensor is arranged , by being translated by operation of 
S2 second step the robot , at a predetermined position with respect to 
S3 third step each of three or more reference points that are provided 
S7 fourth step on one of the work target object and the holding device 

and that are not arranged on one straight line ; 
The invention claimed is : a second step , after the relocation of at least one of the 
1. A teaching position correction device comprising : robot and the holding device , of measuring the three 
a vision sensor attached to a tip end of an arm of a robot , dimensional position of the tip end of the robot based 

wherein the teaching position correction device is con on the visual information acquired , by the vision sensor 
figured to : attached to the tip end of the arm of the robot , when the 

measure a three - dimensional position of the tip end of the 55 vision sensor is arranged , by being translated by opera 
robot based on visual information acquired by the tion of the robot , at a predetermined position with 
vision sensor when the vision sensor is arranged at a respect to each of the three or more reference points 
predetermined position with respect to each of three or that are provided on one of the work target object and 
more reference points that are provided on one of a the holding device and that are not arranged on one 
work target object to be worked by the robot and a 60 straight line ; 
holding device that holds the work target object and a third step of calculating a relative position , with respect 
that are not arranged on one straight line ; to one of the reference points , of each of other reference 

calculate a relative position , with respect to one of the points before and after the relocation ; and 
reference points , of each of other reference points , a fourth step of correcting a teaching point position in an 
based on the measured three - dimensional position 65 operation program of the robot in such a way that a 
while the vision sensor is translated by operation of the change in relative positions of the robot and the holding 
robot ; and device is compensated for , based on relative positions 
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of the reference points before and after the relocation 9. A teaching position correction device , wherein the 
calculated in the third step . teaching position correction device is configured to : 

7. The teaching position correction method according to measure a three - dimensional position of a tip end of a 
claim 6 , wherein , in the fourth step , a transform matrix for robot based on visual information acquired by a vision rotational component for the teaching point position before 5 sensor attached to a tip end of an arm of the robot , when and after the relocation is calculated based on the relative the vision sensor is arranged at a predetermined posi positions of the reference points calculated before and after tion with respect to each of three or more reference the relocation , and the teaching point position is corrected by points that are provided on one of a work target object using the transform matrix . to be worked by the robot and a holding device that 8. The teaching position correction method according to 10 
claim 7 , wherein holds the work target object and that are not arranged 

in the first step and the second step , the three - dimensional on one straight line ; 
position and an orientation of the tip end of the robot calculate a relative position , with respect to one of the 
when the vision sensor is arranged at a predetermined reference points , of each of other reference points , 
position with respect to one of the reference points are 15 based on the measured three - dimensional position 
measured , and while the vision sensor is translated by operation of the 

in the fourth step , a transform matrix for translational robot ; and 
component for the teaching point position before and correct a teaching point position in an operation program 
after the relocation is calculated based on a measured of the robot in such a way that a change in relative 
orientation component of the tip end of the robot before 20 positions of the robot and the holding device is com 
and after the relocation and the transform matrix for pensated for , based on calculated relative positions of 
rotational component , and the teaching point position is the reference points before and after relocation of at 
corrected by using the transform matrix for transla least one of the robot and the holding device . 
tional component . 


